Introduction
Children hospitalized for non-diarrhoeal illnesses can be infected with an enteric pathogen during their hospital stay, which complicates and prolongs the course of illness. Nosocomial gastrointestinal infections are defined as those occurring more than 72 h after admission to hospital or shortly after discharge, 1 and have been shown to be second only to nosocomial respiratory tract infections in causing morbidity among hospitalized children. 2 Nosocomial gastroenteritis can have two epidemiological patterns. 1 In person to person transmission, which is more common in paediatric wards and neonatal nurseries, organisms with a low infective dose are transmitted from an infected person to a susceptible patient. In common source outbreaks, usually organisms with a high infective dose spread infection from a contaminated source, such as food, water, instruments or medication.
Enteropathogens may be bacteria, viruses or parasites. Nosocomial bacterial infections are frequent in developing countries, with Salmonella outbreaks being most commonly reported. 3, 4 Other aerobic bacteria implicated in gastrointestinal infections include Shigella, 4 Yersinia, 5 enteropathogenic Escherichia coli (EPEC), 6 enterotoxigenic E. coli (ETEC) 7 and Vibrio cholerae. 8 Viral nosocomial infection with rotaviruses 9-11 and caliciviruses 12 are common in developed countries, with up to 69 per cent isolation rates in nosocomial diarrhoea. 9 Other viral agents reported from children with nosocomial gastrointestinal infections include adenoviruses, 13 Norwalk virus, 14 astroviruses, 15 and toroviruses. 16 Nosocomial infections with parasites have not been reported, although outbreaks of gastrointestinal infections due to Giardia 17 and Cryptosporidium
18
have been documented in day-care centres and hospitals. This study was carried out in order to collect data regarding incidence and aetiology of nosocomial gastrointestinal infection in paediatric inpatients at this hospital with the aim of formulating measures to prevent or decrease their occurrence.
Subjects and Methods

Subjects
Two hundred and forty-nine children under 3 years of age admitted into the paediatric wards for an illness other than diarrhoea, with no history of diarrhoea during the week preceding admission, were included in the study. Prior to admission data regarding age, sex, date of admission, symptoms and diagnosis at admission, contact with diarrhoeal disease, and drug history were recorded. During their hospital stay, all patients were monitored for development of diarrhoea. The duration of the study was from November 1990 to September 1991. Samples Stool samples were collected from all patients within 72 h of admission and then every third day until discharge. Patients who had not developed diarrhoea during their admission were asked to return for stool collection 72 h after discharge or earlier if the child developed diarrhoea. All stool samples were collected in sterile containers and transported to the laboratory within 30 min of collection. All samples collected at admission and those collected from children who developed nosocomial diarrhoea were examined for bacterial enteropathogens. All samples collected at admission, during the hospital stay and after discharge were examined for viral and parasitic enteropathogens.
Laboratory processing and analysis
Samples were examined for bacterial pathogens by culture and toxin testing, viruses by electron microscopy, culture and neutralization, enzyme immunoassay for rotavirus and parasites by examination of wet preparations and stained smears for Cryptosporidium. [15] [16] [17] [18] [19] [20] [21] [22] [23] A total of 626 samples were examined.
Data analysis and statistical tests
Statistical analysis was performed using the chisquared test and the significance of correlation was determined.
Results
Two hundred and forty-nine subjects were enrolled in the study. Forty-one children who had an enteric pathogen in the first stool and 14 others for whom no post-discharge follow-up was available were excluded from the analysis of nosocomial enteric infections. The 41 children had a total of 90 enteric pathogens identified from their stool, with multiple organisms being seen in 31 children. There was no significant association of any two or more pathogens. Four organisms were seen in four children, three in 10 children, and two in 17 children.
The age and sex distribution of the remaining 194 subjects is shown in Table 1 . The age group 1-6 months included 48 per cent of the subjects, with less than 8 per cent of the patients being in the 24-36-month age group. The male-female ratio was 2.34:1.
Respiratory disease accounted for 69 (35.6 per cent) of the admissions, followed by 56 patients (28.9 per cent) with neurological disorders. Other causes for admission included malignancy, septicaemia, haemolytic anaemia, bleeding diathesis, renal disease, skin, and orthopaedic problems. On analysis, there was no significant correlation between the primary illness and the occurrence of infection, although both patients with malignancy developed gastroenteritis. The correlation between duration of hospital stay and acquisition of enteric pathogens is shown in Table 2 .
The laboratory data are shown in Table 3 . In addition to the 39 patients in whom clinical or laboratory evidence of nosocomial diarrhoea was available, laboratory data indicated nosocomial infection with Campylobacter in two patients, ETEC (ST+) and adenovirus in one patient, Giardia and EPEC in one patient and Cryptosporidium in four patients. However, inadequate follow-up resulted in exclusion of these eight patients from data analysis.
Among the 194 patients without an enteric pathogen on admission and for whom follow-up data was obtained, 39 (20.1 per cent) acquired enteric infections during their hospital stay. Symptomatic infections were seen in 29/39 (74 per cent), and 25 of them developed diarrhoea during the period of admission while four became symptomatic in the 72 h after discharge. Vomiting was seen in four (one with Campylobacter, one with rotavirus, one with calicivirus, and one with no pathogen isolated) and fever in eight patients (three with rotavirus, one with Campylobacter, one with Salmonella, and three with no pathogen isolated).
No pathogens were isolated in 14 of 29 patients with gastrointestinal symptoms. Bacterial pathogens were seen in a total of nine patients, rotavirus in 13 and other viruses in six patients. Pathogens were also isolated from 10 patients who remained asymptomatic during their hospital stay and for 3 days postdischarge. The asymptomatic infections were all of viral aetiology, with eight due to rotavirus and two due to adenovirus. Of these, three children with rotavirus and one with adenovirus were less than 6 months old. Two of the 39 affected subjects had multiple pathogens, with Salmonella and rotavirus in one and EPEC and adenovirus in the other. Six of 13 rotaviral infections occurred in the age group 1-6 months, three in the 6-12-month age group, and two in the 12-24-month age group. There was no significant difference in the seasonal distribution of the bacterial and viral agents. Discussion Nosocomial infections are responsible for a significant increase in morbidity and mortality in paediatric patients admitted for other causes. After respiratory infections, gastrointestinal infections are the most common cause of infections acquired in hospitals. In the present study, at least 20.1 per cent of children acquired an enteric pathogen during their hospital stay. Previous studies have reported incidence rates of up to 32 per cent, 24 with high rates of respiratory and gastrointestinal nosocomial infection being recorded, mainly in children under the age of 36 months. Immunosupressed children and children with malignancies are more prone to acquire infections. However in this hospital they are usually admitted to a separate clean ward whenever possible. In this study, although the two children with malignancies both acquired infections, the numbers are too small to permit analysis. The increased incidence in these patients may be due to a prolonged hospital stay, which has been documented as a significant risk factor.
There was no difference in the incidence of nosocomial infections in children below the age of 6 months and children between the ages of 6 and 36 months. Among the 39 patients who acquired enteric infections during their hospital stay, 25 of the 29 who developed diarrhoea became symptomatic before discharge. The asymptomatic infections were all of viral aetiology, with rotaviruses accounting for eight of 10 infections. In an earlier report, the isolates from both symptomatic and asymptomatic patients were shown to have a similar electropherotype. 25 This may indicate that the infection can be transmitted in the hospital from asymptomatic children or may be a reflection of the predominant strains circulating in the community.
An initial screening of stool revealed that 41 children with no gastrointestinal symptoms were excreting a total of 90 enteric pathogens, with 31 children with multiple infections (Table 3) . Asymptomatic carriage of multiple enteric pathogens in children under 36 months of age has been reported previously in an outpatient study from our institution. 26 Children who present to the hospital with diarrhoea and require admission are usually admitted to a separate ward, but with the high rate of asymptomatic carriage of enteric pathogens seen here, it appears likely that these children could act as a source of nosocomial infections.
Rotavirus, enteric adenovirus, Salmonella and Cryptosporidium were the most common organisms identified in the children who acquired infections during their hospital stay. These were excreted by 28 of 33 children in whom enteric pathogens were identified. With the exception of Salmonella, these were also among the six most common pathogens found on screening at admission. The bacterial pathogens, EPEC, ETEC, and Campylobacter, which were identified in 29 of 41 children positive at initial screening were found in only six of 33 children in whom the laboratory identified enteric organisms during and after hospitalization. It is also interesting to note that only two of 39 children who developed nosocomial infections in this study, and two others for whom follow-up was not available had infections with more than one organism, while 31 of 41 children admitted from the community had multiple infections.
A retrospective study on nosocomial infections carried out in a developed country has reported that in the absence of a known exposure, attempts at isolation of bacterial pathogens in nosocomial diarrhoea is not useful. 27 In our setting, exposure to bacterial and other pathogens may be continual due to the high rate of asymptomatic carriage. The epidemiological pattern of multiple organisms causing nosocomial gastrointestinal infections over a prolonged period of time indicates that the mode of spread is likely to be person to person. However, studies using molecular techniques of strain differentiation would define routes of transmission in this setting. While strict hygiene will help in preventing further morbidity in this population, other prophylactic measures such as the use of hyperimmune colostrum 28 or bacterial preparations, such as Bifidobacterium, 29 in all admitted children may reduce asymptomatic shedding of enteric pathogens and hence their transmission to children at risk.
